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Abstract 
A field survey for natural enemies of Paropsis atomaria was conducted at two South-East 
Queensland (SEQ) Eucalyptus cloeziana plantation sites during 2004-2005.  Primary egg and 
larval parasitoids, and associated hyperparasitoids were identified to genus or species, and 
parasitism rates were determined throughout the season.  Predators were identified to family 
level but their impact was not quantified.  Paropsis atomaria adults were also examined as 
potential hosts for parasitic mites and nematodes.  An undescribed species of Neopolycystus 
(Pteromalidae) was the major primary egg parasitoid species reared from egg batches, 
parasitising half of all egg batches collected.  Three hyperparasitoid species (Baeoanusia 
albifunicle (Encyrtidae), Neblatticida sp. (Encyrtidae) and Aphaneromella sp. 
(Platygasteridae)) were present, representing around one-quarter to one-third of all emergent 
wasps; this is the first host-association record for Neopolycystus–B. albifunicle.  In contrast to 
populations of P. atomaria from the Australian Capital Territory (ACT), primary larval 
parasitism was very low, around 1%, and attributable only to the tachinid flies  Anagonia sp. 
and Paropsivora sp.  However, the presence of the sit-and-wait larval hyperparasitoid, 
Perilampus sp. (Perilampidae) was high, emerging from around 17% of tachinid pupae, with 
planidia infesting a further 40% of unparasitised hosts.  Three species of podapolipid mites 
parasitised sexually mature P. atomaria adults, while no nematodes were found in this study.  
Spiders were the most common predators and their abundance was positively correlated with 
P. atomaria adult and egg numbers.  Although natural enemy species composition was 
identical between our two study sites, significant differences in abundance and frequency 
were found between sites.   
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INTRODUCTION 
 
Paropsis atomaria Olivier (Coleoptera: Chrysomelidae: Paropsini) is a recently-manifested 
pest of eucalypt plantations in south-eastern Queensland (SEQ) (Strauss 2001; Nahrung 2006; 
Schutze et al. 2006).  Indeed, the large-scale establishment of commercial eucalypt 
plantations themselves in this sub-tropical region is also relatively new, with about 32 000 ha 
currently planted (Parsons et al. 2006).  Temperate eucalypt plantations suffer considerable 
growth losses from beetles closely related to P. atomaria, including Tasmania’s most serious 
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forestry pest, Paropsisterna (formerly Chrysophtharta - Reid 2006) bimaculata (Olivier) 
(Elliott et al. 1998), and Pt. agricola (Chapuis) (Nahrung 2004; Nahrung & Allen 2004).   
Natural enemies contribute to very high levels of immature stage mortality of Pt. 
bimaculata and Pt. agricola (deLittle et al. 1990; Nahrung & Allen 2004) and are potentially 
important in pest management in commercial hardwood plantations.  Ladybird and cantharid 
beetles, mirid bugs, and spiders are the major predators of paropsine beetle eggs and larvae 
(deLittle et al. 1990; Bashford 1999; Simmul & deLittle 1999; Allen & Patel 2000; Nahrung 
2004).  Likewise, overall larval parasitism rates of around 40 % in Pt. bimaculata (deLittle 
1982) and 30 % in Pt. agricola (Nahrung 2002) account for further immature stage mortality, 
although egg parasitism of these species in plantations is low (Greaves 1966; deLittle et al. 
1990; Nahrung 2004), e.g. 0.01 % in Pt. agricola (Nahrung & Murphy 2002).  Nevertheless, 
egg parasitoids have been used successfully in biological control programs for paropsine 
beetles in New Zealand (Bain & Kay 1989; Kay 1990; Withers 2001) and South Africa (Tribe 
2000) and can cause up to 100% mortality of eggs within egg batches (Tribe 2000). 
The parasitoid guild of P. atomaria is well-documented from temperate Australia 
(summarised in Simmul & deLittle 1999; CAB International 2005), but there are no published 
data on its natural enemy complex from the sub-tropics.  In the Australian Capital Territory 
(ACT), up to seven species of endoparasitic Hymenoptera are associated with P. atomaria 
eggs (Tanton & Khan 1978; Tanton & Epila 1984; Mo & Farrow 1993), while three tachinid 
fly species and four hymenopteran species are primary parasitoids of P. atomaria larvae 
(Tanton & Epila 1984).  A further two hyperparasitic wasps are recorded from the larval 
parasitoids (Tanton & Epila 1984).  Schutze et al. (2006) determined that P. atomaria 
represents a single genetic species throughout its range, so we would expect no major 
differences in host-parasitoid associations attributable to host compatibility between regions.   
Here we surveyed two Eucalyptus cloeziana F. Muell. plantations to identify the major 
predators, parasitoids and parasites of P. atomaria in these plantations in SEQ.  Predators 
were identified to family level but their impacts were not quantified.  Egg and larval primary- 
and hyper- parasitoids were identified at least to genus and parasitism rates were determined 
throughout the 2004-2005 field season.  Adult P. atomaria were assessed for the presence and 
prevalence of parasitic mites and nematodes.  Natural enemy species composition and 
abundance was compared between sites and the SEQ and ACT regions. 
 
MATERIALS AND METHODS 
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Two SEQ E. cloeziana plantations planted on past grazing land with trees spaced at 5 x 2 
metre intervals were sampled for P. atomaria natural enemies:  
Site I (via Gympie) 26°04′30.72″S 152°44′8.88″E approx. 38 ha planted in May 2002.  
Altitude range 83.8 - 249 m.  Total rainfall during the sample period (October 2004 – April 
2005) was 686.5 mm. Mean average daily temperature was 22.48 ± 0.19°C, maximum mean 
28.75°C and minimum mean 13.75°C (weather data from the Queensland Department of 
Primary Industries & Fisheries);  
Site II (via Glastonbury) 26°11′20.4″S 152°29′40.2″E approx. 22 ha planted in March 2002.   
Altitude range 67.7 - 162 m.  Total rainfall during the sample period (October 2004 – May 
2005) was 620 mm. Mean average daily temperature was 22.66 ± 0.20°C, maximum mean 
29.5°C and minimum mean 13.75°C (weather data from the Queensland Department of 
Primary Industries & Fisheries). 
Both sites were sampled at two-weekly intervals between October 2004 and March 2005.  On 
each occasion, three branches within reach of ground height from each of six adjacent trees 
from within each of eight representative sections per site (i.e. 144 branches/site/date) were 
sampled.  Different sections (and therefore, different trees) were sampled on each occasion.   
 
Predators 
 
Predaceous insects and spiders were collected into plastic vials and taken to the laboratory in 
a cooled container for identification to family level.  Spiders were identified to family by Dr 
Owen Seeman (Queensland Museum); we identified the remainder.  Because low numbers of 
predators were encountered, their abundance was not statistically compared between sites.  As 
the most abundant predator group, spider numbers were compared with P. atomaria adult and 
egg numbers using Pearson correlations, to which Bonferroni corrections were applied due to 
dual comparison (adjusted P = 0.025).  
 
Parasitoids 
 
Egg parasitoids 
 
At each sampling occasion all egg batches observed were collected into separate plastic vials 
and taken to the laboratory in a cooled container.  The number of eggs per batch was counted 
and then the egg batches were kept in individual cotton-wool-capped vials in a controlled-
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temperature cabinet at 24 °C 12L:12D photoperiod until larval or parasitoid emergence.  
Emergent insects (P. atomaria larvae, primary egg parasitoids and hyperparasitoids) were 
counted and representative specimens of each were identified to genus or species by Dr Chris 
Burwell (Queensland Museum).  Confirmed Neopolycystus insectifurax specimens from New 
Zealand were also compared with emergent wasps from our field collections. Average egg 
batch outcome frequencies (larval emergence, wasp emergence, eggs failed to hatch) were 
determined for each month.  Overall parasitism rates (proportion of egg batches parasitised 
i.e. number of parasitised batches/number of batches collected) were compared between sites 
using Chi-square tests. 
 
Larval parasitoids 
 
All P. atomaria larval batches observed on sampled foliage (as described above) were 
collected when larval populations were low. During periods when larvae were abundant, a 
sample of 100 individuals of each instar was collected from several larval batches throughout 
the plantation. These were collected into separate plastic bags for each instar and taken to the 
laboratory in a cooled container.  Larval batches were reared separately in ventilated plastic 
containers (175 mm x 120 mm x 60 mm LxWxH), or, when mass-collected, were bulk-reared 
at 50/container for early instars and 20/container for late instars.  Larvae were fed on fresh 
field-collected E. cloeziana foliage, changed every 3-4 days.  Resultant P. atomaria pupal and 
larval parasitoids were counted and parasitoids were identified to genus by Dr Bryan Cantrell 
(Queensland Museum).  Parasitoid pupal numbers, not the number of flies emerged, were 
used to calculate primary parasitism levels. Average larval outcome frequencies (proportion 
of larvae that survived to pupation, were parasitised, or died) were determined for each 
sample date and mortality was calculated for each instar.  Overall larval parasitism rates (total 
number of parasitoids/total number of larvae) were compared between sites using a Chi-
square test.  Within- (number of parasitoids/number of larvae per parasitised batch) and 
between- (number of parasitised batches/number of batches collected) batch parasitism rates 
were calculated and the former were arcsine-square root transformed and analysed using a 2-
way ANOVA to compare sites and larval instars.  Pearson correlation was used to examine 
the relationship between within-batch parasitism rates and batch size. 
 
Larval hyperparasitoids 
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Hyperparasitoids that emerged from tachinid pupae were identified to genus by Dr Chris 
Burwell.  Only pupae from which either primary or hyper- parasitoids emerged were used to 
calculate hyperparasitism rates (number of wasps emerged/(number of flies emerged + 
number of wasps emerged)).  Perilampid planidia (Hymenoptera: Perilampidae) were visible 
through adult beetle cuticle, after infesting P. atomaria larvae and being unable to develop 
further without a primary tachinid larval parasite host (Tanton and Epila 1984).  An estimate 
of perilampid infestation rate was obtained by examining adult P. atomaria collected for the 
parasitic mite survey (see below) under a x40 dissecting microscope for planidia visible 
externally.  Chi-square tests were used to determine whether hyperparasitism rates differed 
significantly between sites. 
 
Parasites 
 
Parasitic mites 
 
Adult P. atomaria were collected using a beating tray and by visually searching host plant 
foliage for around 15 minutes in each section on each sample date as described above.  
Beetles were collected individually into single plastic vials and taken to the laboratory where 
they were assessed for the presence of sexually-transmitted, parasitic podapolipid mites 
(Acari: Podapolipidae).  The assessment was performed using a ×40 dissecting microscope by 
raising the elytra and examining the elytral ventral surface, the dorsum, mesothorax, and 
spiracles for mites.  The proportion of beetles infected throughout the whole field season was 
determined and compared between sites using a Chi-square test.  The mean number of mites 
per infected host was calculated and compared between sites using a t-test.  Mites were 
previously undescribed species and taxonomic descriptions were subsequently prepared by 
Seeman & Nahrung (2005). 
 
Nematodes 
 
Nematodes (Mermithidae) were reported by Selman (1989; 1994) as the most important 
parasites in population suppression of paropsine beetles.  A subsample of the beetles collected 
above (n = 160) was therefore dissected (10 per site per sample date, where available) to look 
for nematodes.  Dissections were conducted in distilled water under a x40 dissecting 
microscope. 
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Fungi 
 
Although not assessed during sampling in the field, larval and adult P. atomaria were found 
to be infected with entomopathogenic fungi in the laboratory and glasshouse (pers. obs. 
Nahrung, Duffy).   
 
RESULTS 
 
Predators  
 
Spiders were the most abundant predator on surveyed branches at both sites, comprising 88% 
of the total number of predators recorded (Table 1).  The spiders collected were represented 
by the families Theridiidae, Oxyopidae, Araneidae and Clubionidae.  The incidence of other 
natural enemies was low. There were significant (Bonferroni adjusted, P = 0.025) positive 
correlations between the number of spiders and P. atomaria adults (Pearson correlation = 
0.437 P = 0.014) and the number of spiders and P. atomaria egg batches (Pearson correlation 
= 0.521 P = 0.003) per branch over the whole season at both plantations. No species 
composition differences were present, with representatives of all predator groups found at 
each site (Table 1). 
 
Parasitoids 
 
Primary egg parasitoids 
 
Neopolycystus sp. (Hymenoptera: Pteromalidae), an undescribed species, was the only 
primary egg parasitoid reared in large numbers from P. atomaria egg batches, emerging from 
49.3% of egg batches at Site I, and 51.7% at Site II: these parasitism rates were not 
statistically different (Chi-square test, χ21= 0.45, P = 0.5).  Two egg batches yielded Pediobius 
sp. (Hymenoptera: Eulophidae), a primary parasitoid normally associated with Lepidoptera 
(C. Burwell, 2006, pers com.).  Monthly average egg batch outcomes are shown in Figure 1.  
More detailed data on Neopolycystus sp. – P. atomaria egg parasitism are presented 
elsewhere (Duffy et al. in press., Duffy 2007). 
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Egg hyperparasitoids 
 
Three hyperparasitic wasp species emerged from P. atomaria egg batches from both sites: 
Baeoanusia albifunicle Girault (Encyrtidae), Neblatticida sp. (Encyrtidae) and Aphaneromella 
sp. (Platygasteridae): all are obligate hyperparasitoids (Tribe 2000).  Data on relative 
hyperparasitism rates are presented elsewhere (Nahrung & Duffy unpubl; Duffy 2007).  
Collectively, these species represented 33% of emergent wasps from Site I (n = 3931), and 
23% from Site II (n = 3665): hyperparasitism rate was significantly higher at Site I than Site 
II (Chi-square test, χ21= 92.9, P < 0.001).  
 
Primary larval parasitoids 
 
Three tachinid fly species (Anagonia sp., Paropsivora sp., and Palexorixta sp.) were reared 
from P. atomaria larvae from both sites.  Parasitoid pupal emergence rates were low: only 
53.5 % of all tachinid pupae formed (n = 114) bore flies or wasps in the laboratory; the 
remainder failed to eclose.  Only one parasitoid emerged per primary host.  No primary 
parasitic wasps were reared from P. atomaria larvae. 
Average larval parasitism rates were very low throughout the season (Figure 2), 
peaking at 11% at Site I and 3% at Site II.  Overall parasitism rates did not differ significantly 
between Site I and Site II, with only 1.4% (n = 5464) and 1% (n = 3644) of all larvae 
collected parasitised, respectively (Chi-square test, χ21= 3.4, P = 0.06).  Despite low mortality 
attributable to larval parasitisation, pupation of P. atomaria larvae in the laboratory was low, 
at only 36 % (Figure 2). This may reflect undetected parasitoid induced mortality or 
inappropriate rearing techniques. No larvae collected as first instars were parasitised and 
parasitism rates generally increased with larval instar (Figure 3).   
For larvae reared as discrete batches from the field, within-batch parasitism rates 
(parasitised batches only) were significantly negatively correlated with batch size at Site I 
(Pearson correlation = -0.66, P < 0.001) with a non-significant trend towards the same pattern 
at Site II (Pearson correlation = -0.63, P = 0.06).  Within-batch parasitism rates ranged from 2 
– 36 % and did not vary according to instar or site (2-way ANOVA, instar: F2,28 = 1.11, P = 
0.34; site: F,1,28 = 0.01, P = 0.91) (Figure 4). 
 
Larval hyperparasitoids 
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Perilampid wasps (Perilampus sp.) represented 28 % of emergent parasitoids from tachinid 
pupae at Site I and 7.4 % at Site II (Chi-square test, χ21= 4.5, P = 0.03).  Superparasitism by 
perilampid planidia was common, but only one wasp emerged per primary host pupa.  
Perilampid planidia visible under adult beetle cuticle had a higher prevalence in adult P. 
atomaria at Site I (53%) than at Site II (30%) (χ21= 116.9, P < 0.001).  The average number of 
planidia per infested beetle was also higher at Site I (2.8 ± 0.1 (range 1 – 34)) than at Site II 
(1.9 ± 0.1 (range 1 – 11)) (t-test, t848 = 7.32, P < 0.001).  These figures probably underestimate 
the actual perilampid planidial infestation rate since those lodged internally were not located.   
 
Parasites 
 
Parasitic mites 
 
Three sexually-transmitted mite species were present on beetles from both sites: Parobia 
alipilus, Pb. gimlii, and Pb. lawsoni  (Seeman and Nahrung 2005), but were not considered 
separately in analyses.  Only non-teneral (hard) beetles were infected.  Over the field season, 
45.8 % of non-teneral beetles were infected with podapolipid mites at Site I (n = 837), and 
28.5 % at Site II (n = 548): this difference was statistically significant (χ21= 41.7, P < 0.001).  
Furthermore, the average number of mites per infected beetle across the season was 
significantly higher at Site I than Site II (t-test, t433= 5.56, P < 0.001), being 33.7 ± 1.6 (1 – 
160) and 21.9 ± 1.6 (1 – 111), respectively.       
 
Nematodes 
 
There were no nematodes found in any beetles from any sample date at either site (Site I n = 
101, Site II n = 59). 
 
DISCUSSION 
 
The suite of natural enemies that we found associated with P. atomaria was identical at both 
sites in this study (at least at the taxon levels used here), with no predators, parasitoids or 
parasites unique to either site.  However, predator abundance, egg and larval hyperparasitism 
rates, and parasitic mite prevalence and abundance were all higher at Site I than at Site II.  
Site I also had a higher abundance of beetles, beetles underwent more generations, adults 
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were significantly smaller at Site I than at Site II, and Site I had a higher proportion of flush 
foliage during the same season (Nahrung 2006; Duffy 2007): whether these host ecological 
parameters affected natural enemy levels is unknown.   
The suite of natural enemies found during this study in SEQ differed substantially from those 
reported by Tanton and Khan (1978), Tanton and Epila (1984) and Mo and Farrow (1993) in 
the ACT.  Neopolycyctus insectifurax was not reared from SEQ P. atomaria egg batches, but 
is the most common primary parasitoid of P. atomaria eggs elsewhere (Tanton & Khan 1978; 
Tanton & Epila 1984; Mo & Farrow 1993).  Neopolycystus insectifurax was recently 
discovered as a probable accidental introduction to New Zealand (Berry 2003), parasitising up 
to 100% of P. charybdis eggs (Jones & Withers 2003).  It is immune to attack by the obligate 
hyperparasitoid, B. albifunicle (Tribe 2000), which is responsible for a decline in success of 
the deliberately introduced Enoggera nassaui Girault in New Zealand (Jones & Withers 
2003).  The species of Neopolycystus we found in SEQ was hyperparasitised by B. 
albifunicle, representing its first known attack on this primary host genus (see Tribe 2000; 
Jones & Withers 2003).  Baeoanusia albifunicle is associated with P. atomaria eggs from the 
ACT (Mo & Farrow 1993), presumably hyperparasiting Enoggera sp.  Nevertheless, B. 
albifunicle represents the only confirmed species of overlap associated with P. atomaria eggs 
in the ACT and SEQ.  Neblatticida sp. has not been previously recorded from P. atomaria 
eggs (see Simmul & deLittle 1999), but is a hyperparasitoid associated with other paropsine 
species (Tribe 2000).  Changes in an insect’s parasitoid fauna with geographic locality is 
common in many systems, particularly where parasitoids are not host-specific (Hawkins 
1993; Kruess 2003) 
The larval parasitoid complex and larval parasitism rates also differed between ACT 
and SEQ.  The number of species reared from P. atomaria larvae was three times higher from 
ACT than SEQ, with seven primary and two hyperparasitoids associated with P. atomaria in 
ACT, and just two primary and one hyperparasitoid species from SEQ.  In the temperate 
region, the dominant larval parasitoid is Eadya paropsidis (=Aridelus in Tanton & Khan 
(1978) – see Simmul & deLitte 1999), which we did not rear from any larvae in SEQ.  
Froggattimyia represents a tachinid genus recorded from ACT larvae not found in our study, 
although Anagonia, and Paropsivora are associated with P. atomaria in the ACT (Tanton and 
Epila 1984).  We found only two tachinid species, parasitising an average of 1.2 % of larvae 
(Palexorixta sp. was represented by only one specimen and is not usually associated with 
paropsine beetles (B. Cantrell, 2006, pers. comm.)). In contrast, larval parasitism rates in ACT 
averaged 19 % from tachinids and a further 49 % from E. paropsidis (Tanton & Epila 1984), 
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although the latter rate differs markedly from the 9 % parasitisation by E. paropsidis reported 
by Tanton & Khan (1978).  This illustrates the importance of multiple-season sampling.  
Hence, larval parasitism of P. atomaria may be higher in SEQ in different years. Perilampus, 
which hyperparasitises E. paropsidis and the tachinid species in the ACT was abundant in 
SEQ and ACT as undeveloped planidia (around 40 % and 70 %, respectively).   
Paropsis atomaria was not considered a pest (Elliott et al. 1998) until after hardwood 
plantation establishment in NSW and SEQ in the last decade (Simmul & deLittle 1999; 
Strauss 2001; Nahrung 2006).  In newly colonised niches, such as eucalypt plantations in 
SEQ, there can be a lag between the build up of herbivore populations and their natural 
enemies, which may partially explain our results. Another possible explanation for its new 
pest status, and the differences in parasitism rates found between ACT and SEQ populations 
could be related to habitat diversity: evidence suggests that natural enemies are less effective 
in monocultures (as sampled in this study) than in mixed stands (as sampled in ACT studies) 
(e.g. Dazoj 2000).  Further, the differences in voltinism of P. atomaria between ACT and 
SEQ populations (compare Carne 1966, Nahrung 2006) may influence host-parasitoid 
interactions.  Further sampling for natural enemies in plantations is warranted since we only 
conducted one season of sampling: our initial intention was simply to document and estimate 
the impact of key natural enemies of P. atomaria in subtropical eucalypt plantations. 
The new species of parasitic podapolipid mites (Seeman & Nahrung 2005) represent 
the first known instance of infection by three podapolipid species on one chrysomelid host 
species (O. Seeman, R. Husband, 2007, pers.comm.).  Podapolipid mite infection significantly 
decreased overwintering survival of Paropsisterna (Chrysophtahrta) cloelia (Stål), another 
eucalypt plantation pest in SEQ (Nahrung and Clarke 2006); the impacts of the mites found 
here on P. atomaria are the focus of another study (Nahrung unpubl.).  Nematodes were not 
found during this study, although they are considered important in population suppression of 
paropsines, especially under humid conditions (Selman 1989, 1994).  Similarly, nematodes 
were generally absent from the temperate plantation pests Pt. bimaculata and Pt. agricola 
(deLittle 1979, Nahrung 2004, respectively).  Protozoa (Pleistophora sp.) also infect P. 
atomaria (Tanton & Khan 1978) but we did not examine any P. atomaria lifestages for 
unicellular parasites.    
Finally, the positive correlation between P. atomaria abundance and sit-and-wait 
spiders is noteworthy, as these spiders contribute to high levels of mortality of paropsine 
beetles in Tasmania (Allen & Patel 2000; Nahrung & Allen 2004), and were also the most 
abundant beneficial arthropods in Western Australian eucalypt plantations (Loch 2005).  
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Spraying broad-spectrum insecticide thus requires consideration of natural enemy impacts: 
alpha-cypermethrin, the most commonly used insecticide for controlling paropsines in 
eucalypt plantations, causes nearly complete mortality to non-target beneficial arthropods 
(Loch 2005).   
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Table 1: Abundance (mean ± s.e.) of predaceous arthropods collected from October 2004 to 
March 2005 in two Eucalyptus cloeziana plantation forestry sites in South-East 
Queensland. [Spiders are represented by four families, Theridiidae, Oxyopidae, 
Araneidae and Clubionidae.] 
Predator group Site I Site II 
 n Mean  ± se 
per shoot 
n Mean  ± se per 
shoot 
Spiders 145 0.063± 0.005 113 0.052± 0.005 
Coccinellidae 10 0.004± 0.001 3 0.001± 0.001 
Pentatomidae 7 0.003± 0.001 2 0.001± 0.001 
Reduviidae 2 0.001± 0.001 4 0.002± 0.001 
Mantidae 3 0.001± 0.001 3 0.001± 0.001 
Chrysopidae 1 <0.001 1 <0.001 
All predators 168 0.081± 0.006 126 0.064± 0.005 
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Figure legends 
 
Figure 1:  Monthly outcome frequencies for Paropsis atomaria eggs batches collected from 
two Eucalyptus cloeziana plantation forest sites in South-East Queensland [Site I (A) and Site 
II (B)] in 2004-2005.  Larvae emerged (grey), parasitic wasps emerged (black), or eggs failed 
to hatch (white).  Numbers above bars show the number of egg batches for each month’s data.   
Figure 2:  Monthly outcome frequencies for Paropsis atomaria larvae (all instars) collected 
from two Eucalyptus cloeziana plantation forestry sites in South-East Queensland [Site I (A) 
and Site II (B)] in 2004-2005.  Larvae died (white), pupated (grey), or were parasitised by 
tachinid flies (black).  Numbers above bars denote the total number of larvae collected each 
month.   
Figure 3:  Overall proportion of Paropsis atomaria larval instars parasitised by tachinid flies 
from two Eucalyptus cloeziana plantation forestry sites in South-East Queensland from 
October 2004 to March 2005 [Site I (white) and Site II (grey)]. Numbers above bars represent 
the number of larvae collected for each instar throughout the season.  
Figure 4:  Average + s.e. proportion of Paropsis atomaria larval instars parasitised per field-
collected larval cohort from two Eucalyptus cloeziana plantation forestry sites in South-East 
Queensland from October 2004 to March 2005  [Site I (white) and Site II (grey)].  
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